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INTRODUCTION
In this paper it is my intention to present an
explanation of materials and methods used for making
molds which are easily executed and economical for
use in terms of time and money for the fabrication
of fiberglass furniture forms .
The forms which I indeavored to obtain are forms
which cannot be readily executed in wood.
CHAPTER I
EXPERIMENTAL STAGE
Being totally unfamiliar with fiber glass and its
properties I was involved in a considerable amount of
experimentation, and was confronted with many problems
and frustrations .
My first discovery in working with fiber glass resin
was that there were two types. One was a resin where the
surface when exposed to the air would remain tacky; this
tacky resin is used for two purposes, one, because of its
character of remaining tacky additional layers of fiber
glass can be laid up at any time. If this tackiness did
not occur additional layers of fiber glass could not be
added unless the surface was scored to achieve a
bonding surface; secondly, the use of this tacky fiber
glass is good for a matched mold (male and female)
because in a matched mold the air is sealed off and
the result is a tack-free resin. Tack free resin has a
wax added and when cured is completely tack free, and
can be used as a last coat in an open mold.
The most important point in both of these resins
is mixing the catalyst in exact proportion to the
liquid fiber glass resin so that it will cure to the
correct hardness .
Another major problem was in finding the best
suitable releasing agent . There are many types used in
industry and by individuals. I experimented with
approximately four. It was difficult to find one
suitable for hand lay-up. The one most satisfactory
was a polyvinyl alcohol, sometimes referred to as
liquid cellophane. With this releasing agent the resin
could be brushed on without beading up. The only
difficulty with this agent was in the application of it
to the mold. This will be explained later in a discussion
of the hand lay-up process .
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Knowing that metal contracts and expands with
changes in temperature I decided to experiment with
this idea as a releasing agent. I used a small metal
dish and coated completely the outside surface with
polyester resin and one coat of the resin with one
layer of fiber glass cloth for curring purposes .
Once this had curred completely I placed the dish in
a freezer compartment overnight, and in the morning
upon removing the dish from the freezer unit was able
to lift the metal dish from the fiber glass shell
leaving me with two identical dishes . This experiment
also was of value to me later when I encountered
difficulty in releasing one of my spheres from a mold.
It was set outside in the freezing weather overnight;
the next morning it had released itself.
With the solving of these problems I set about
experimenting with materials for molds . Some of these
were styrofoam, stretched rubber, metal, plaster, and
Marlar, which is a plastic sheet impregnated with
polyvinyl alcohol. The styrofoam was too porous; the
metal was a fine material for molds but because of its
cost and fabricating difficulties, it did not come
within the realm of practicality for my individual
purpose. It is used almost exclusively in industry
where the mold is used repeatedly. The Marlar also
is an excellent material because of its being impreg
nated with polyvinyl alcohol which is in itself a
releasing agent but its rigidity makes it impractical
for molds. Stretched rubber makes a perfect mold for
the plaster which was used for the final mold. Because
of the smoothness of the rubber's surface it transferred
its smoothness to the plaster and no additional
sanding was needed.
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Having done this experimentation as groundwork
I endeavored to incorporate the experiences and devise
a tangible piece in fiber glass, a piece of furniture




In considering the design for a piece it seemed that
a spherical shape would lend itself readily to a fiber
glass form. This would suit my purpose twofold because
I wished to do something In fiber glass that could not be
done as easily with wood. My first endeavor in employing
the spherical shape was a hamper or chest of drawers .
(Plate 1 fig. 2 ). From this I went to the spherical
speaker cabinets for a stereo unit. (Plate 1 fig. 3 ).
I felt this shape would adapt itself to the round
speaker very aesthetically in contrast to the conventional
rectangular and square speaker cabinets. By suspending
the speakers from the ceiling it would be possible to
project sound at ear level and at the same time have a
pleasing proportion which could not be achieved in a
floor unit.
In my research I discovered that fiber glass is
particularly suitable for a speaker cabinet because it is
an absorbent insulator. I also discovered that by filling
the sphere with fiber glass insulating material I could
obtain an infinite baffle. This would absorb all back
wave-lengths producing an even flow of sound without echo
or vibration. This is the same effect that the new Jensen
wafter-thin speakers obtain. This insulating material
however, is not the same fiber glass used for building
insulation, but acoustical fiber glass sold expressly for
speaker cabinets. The insulation fiber glass has a
























tendency to work its way into the magnet of the speaker,
so the easiest way of constructing the speaker cabinet to
meet these objectives is to lay up two half spheres and
mold in a retaining ring in one half to hold the speaker
so that once the two sections are joined together the speaker
would be accessible from the front if need be. (Plate 2
fig. 4 ).
My original intention was to house tjie turn table in
a suspended sphere also, but this did not prove practical.
(Plate 3 fig. 5-8 ). My decision was to make a simple
housing of wood for the turn table and tuner that could






EXECUTION OR FABRICATION OF MOLD
The first step in executing my design was laying
up the mold. I chose plaster instead of wood because of
its facility in shaping a sphere of this size. The base
of the mold was made of three-quarter inch plywood,
circumference being the size of the sphere . A block
was fastened to the bottom of this plywood to make it
adaptable to the plaster wheel. Then screws and
brackets were put on the face of the plywood to form a
bond for the plaster to prevent the plaster from flying
loose while the wheel was turning. Aluminum flashing
was then nailed around the plywood base, the width of
the flashing being the radius of the sphere. (Plate 4
fig. 10 ) .
Instead of conventional plaster I chose hydrocal
which has the same characteristics and mixing qualities
as plaster except that the hydrocal hardens more like
concrete and doesn't chip as readily. The mixture
consisted of one pound, four ounces of hydrocal for
every pint of water. It is necessary to add the hydrocal
to the water when mixing and let stand five minutes .
Then it must be thoroughly mixed by hand until all lumps
have disappeared. (Plate 4 fig. ^9 ).
The next step is to fasten a slat from the bottom
of the plywood to the top of the flashing for the purpose
of pouring the plaster into the container. The slat's
main function is to reduce the amount of air bubbles .
(Plate 4 fig. 11 ). When the hydrocal has been poured
to the level of the flashing and has reached a jelly-like
consistency, the flashing is removed and the wheel ready
to turn. It is imperative that the hydrocal not be left
to harden beyond a workable state or it would be impossible
-6-
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PLATE IV
to shape it. Using a jig which was made from a piece
of metal which was one -half the radius of the sphere
made it possible to remove most of the excess plaster.
Since it hardened very quickly I could not take it
down to the finished stage. (Plate 4 fig. 12 ).
The remaining excess plaster had to be removed with a
turning tool (Plate 5 fig. 13,14,15 ) .
Once the male mold was completed I placed it under
a vacuum blanket made of rubber (Plate 6 fig. 16 ). The
air was sucked out allowing the blanket to fit firmly
over the plaster mold. (Plate 6 fig. 17 ). Excess
rubber resulted in two wrinkles which I had to seal with
clay. (Plate 6 fig. 18,19 ). I then placed the
flashing around the mold encased in the rubber flicking
hydrocal over it. This flicking action reduced the air
bubbles and gave the mold a smooth rubber-like surface,
and also produced a lunar type surface on the outside
providing a bonding surface for additional hydrocal
which would constitute the remaining part of the mold.
(Plate 7 fig. 20,21 ). I then proceeded to pour the
hydrocal to the top of the flashing. (Plate 7 fig. 22).
In approximately twenty-four hours, when this hardened,
I removed the flashing and the mold from the rubber.
(Plate 7 fig. 23 ).
The rubber blanket was used for two reasons. One,
it left a female mold as smooth as the rubber itself.
Two, it released from the hydrocal without any difficulty
at all and left me with what I thought would be enough
space between the male and female mold for the desired
thickness of my fiber glass form. I was attempting to





















When this process had been completed the molds were
carried to the warmest part of the building for drying
purposes. (Plate 7 fig. 24 ). This drying process
became another obstacle to overcome with plaster molds
for it seems that plaster or hydrocal, which I used,
dries moisture free on the outside but retains its
moisture on the inside, and this can be for an
indefinite period of time. As soon as you attempt
to work with it the moisture works its way to the
surface. This showed up clearly when I attempted
to put a coat of lacquer over the molds which would
enable the molds to release more easily. As soon as
the lacquer dried it sealed the air from the hydrocal
and moisture worked its way to the surface and the
lacquer peeled off in sheets . Further research on
this disclosed the fact that even when plaster is
thoroughly dry it still acts like a parasite and will
take moisture from the air or elsewhere. This is also
a problem with potters when they lay up clay over a
plaster mold. The plaster draws all the moisture out
of the clay and as a result they must keep moistening
down the clay. This moisture problem did not only
cause trouble when applying the lacquer but also when
putting the polyvinyl alcohol on the mold for a
releasing agent. Once the pva was entirely sprayed
over the mold the moisture worked its way to the
surface and dissolved the pva. As a result I had to
let the molds stand for about three more weeks until
the moisture was at a minimum and I was able to work
with it.
At this point my greatest frustration came when I
discovered that the rubber which I had counted on making
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up the desired thickness of my fiber glass between the
male and female mold had stretched too thin under the
vacuum and was not thick enough for the specifications
of my speaker cabinet. As a result I turned to
using only one half of my mold which would be the male.
This I felt would work satisfactorily because it would
enable me to lay up the fiber glass by hand to the
desired thickness. Since I needed only but one side
smooth and since this had to be the outside, -I chose
to use the male side of the plaster mold and lay up
one fiber glass sphere. This would give me a female
mold of fiber glass that I could use for an indefinite
number of times . Because the plaster is so brittle
and since I did need at least four fiber glass
spheres off this one mold I figured a fiber glass mold
would be my best course of action. The fiber glass
mold was laid up in the exact manner as the sphere for
the speaker exhibit so I will discuss them together.
While working on this fiber glass mold I experimented
with many ideas to hry and utilize the fiber glass mold
for pieces other than the speaker cabinets . Probably
the best endeavor was the one using this mold on a
woman's vanity. (Plate 21, fig. 71).
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CHAPTER IV
CONSTRUCTION OF THE SPEAKER CABINET
The first step in building the fiber glass mold was
to spray the pva onto the plaster mold itself. (Plate 8
fig. 25). This application of pva as stated in the
beginning of my thesis is a very difficult procedure.
The secret of the entire process is applying very thin
coats and letting them dry about fifteen minutes between
coats . This reduces the runs and fish-eyes . By fish-eyes
I mean a beading up process and when this occurs you must
wipe the entire releasing agent off with water and start
over. Continue spraying these very light coats of pva
until a pinkish film appears which indicates a sufficient
build up to start laying up the gel coat. (Plate 8
fig. 27 ) By gel coat I mean a first coat of fiber glass
resin. This is ordinary fiber glass resin without the
wax so the surface exposed to the air will remain tacky.
Resin as it comes from the supplier is too runny and must
have cab-o-sil added to it. Cab-o-sil is a thickening
agent which looks like flour, it thickens the resin enough
so it will adhere to the side of the mold without running
down forming an accumulation at the bottom. The usual
mixture of catalyst to resin is one to two teaspoons of
catalyst to one quart of resin. It is good policy to add
at least three teaspoons of catalyst to the gel coat so
the surface against the mold will become very hard. (Plate 8
fig; 27 shows the application of the gel coat).
The next step was cutting out a pattern to fit over
the sphere. (Plate 8 fig. 26). Notice that a fiber glass
mat is used instead of cloth because the cloth has a
tendency to show its fibers through the gel coat whereas
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the mat does not. After the gel coat has set approximately
twenty-four hours the mat is applied to the mold over
the sticky gel coat. (Plate 9 fig. 28). Then the regular
fiber glass resin is put over the cloth. (Plate 9 fig. 29
My next step was rolling out the air bubbles from the
mat and resin. (Plate 9 . fig. 30). The fiber glass mold
was built up with six layers of mat and as a last coat of
resin I used polyester containing the wax which gave me
a tack free surface. (PlatelO. fig. 31 and32^hows the
spraying and sanding of the mold) . At this stage I
incorporated an air valve at the bottom of the mold so
I could use air pressure for blowing the finished pieces
out of the mold. (Figure 34shows the laying of gel coat
in the mold after the releasing agent had been sprayed in) .
A heating lamp was then placed over the mold to speed up
the setting time. (Plate 10 fig. 33 ).
The final sphere was laid up in the exact manner as
the fiber glass mold, first, by laying in the fiber glass
mat, applying the resin and rolling out the air bubbles.
(Plate 10 fig. 35, 36, 37 ). The piece was allowed to set
over night and the next morning blew out my first sphere
with about fifty pounds of air pressure. (Plate li
fig. 38). Figure 39 shows how the pva releasing agent
works as a cellophane sheet between the finished piece
and the mold.
I then made a jig to mark the exact center of the
sphere and scribed a line around the fiber glass sphere.
When this was done the sphere was placed in the jig and
the edges trimmed with a skill saw which I had jigged
up for this operation.





Fig. 28 Fig. 29
Fig. 30
PLATE II
HI M' - . H\ am . .
Fig. 33 Fig. 34




steps were taken after all the spheres were made so that
each operation was set up only once. After all the
spheres were trimmed I scribed a circle fifteen inches
at each end of two of them for speaker openings . Then
drilled a hole and sabre-sawed the circle out. (Plate 12
fig. 43, 44, 45 ).
The next step was to lathe turn two plywood discs
which I used for a baffle board to hold the speakers .
Each piece was constructed of two pieces of three-quarter
inch plywood glued together. This lamination of the
plywood enabled me to reduce the vibration which could be
caused by the speakers at high volume. By putting the
discs on a lathe I was able to set in a rebate of three-
eighths inches so that the speakers set flush with the
baffle board. (Plate 13 . fig. 46,47 ). Then I fiber-
glassed the two baffle boards in the two half spheres in
which I had cut the openings. (Plate 13 fig. 48,49). I
was now ready to put the two spheres together. (Plate 14














When the two spheres had been glued together with
fiber glass I took a fiber glass putty the same as is used
in auto repair work and feathered out the seams . (Plate 14
fig. 52 ). I then filled all the little pin holes with a
lacquer putty and sanded the entire sphere with fine sand
paper. (Plate 14 fig. 53 ). Once this was done a half inch
hole was drilled in the top of the sphere so that a half
inch pipe could be fastened to the sphere for hanging
purposes. (Plate 15 fig. 54 ). The entire unit was
then sprayed with a primer-sealer and sanded again.
(Plate 15 fig. 54 ). I finished the piece with white
lacquer, about fifteen coats, and buffed it down with a
buffing compound for a satin finish.
After letting the sphere stand for a couple of weeks
I realized this lacquer finish was not the best answer for
a finish on fiber glass; the fiber glass began to move, and
hair-line checks began to appear in the finish. Further
research on this disclosed a better finish for use with
fiber glass - enamel - enamel never gets permanently hard
on the underside so little movement is apparent . But even
enamel has a tendency to check, for example, a fiber glass
car body with enamel baked on will also check. As a result
of my findings I found that mixing a coloring in the gel
coat is the only real solution because this becomes part
of the fiber glass and movement becomes no problem.
I did not originally use this process because I had
to glue these two halves together and as a result had to
feather out the seams which meant I would have to spray-
paint them anyway. If in any case it is possible to use
the coloring mixed in the polyester resin itself there is
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finish fiber glass. Coloring incorporated in the fiber
glass also will not chip if hit accidentally while a
painted surface will.
The final step on the speaker was to make a retaining
ring to hold the fabric in place. This was placed into









OTHER FIBER GLASS PROJECTS INCORPORATING
RUBBER MOLDS
In the next two projects I experimented with
stretched rubber for a mold and this process seemed
to work satisfactorily. The greatest problem I
encountered in these two projects was finding a rubber
which could stand up under the stretching forces .
Investigating this problem I found that all the rubber
I had been using was not suitable for my problem because
of poor dispersion of pigments in the rubber. With this
information I managed to obtain a pure gum rubber 1/32
inch gauge from the Goodyear Tire and Rubber Company.
This proved very satisfactory for my project.
The first thing I did was to make a round cylinder
of rubber. (Plate 18 fig. 65 ) and project dowels inside
which stretched the rubber at different angles . (Plate 18
fig. 66 ). Once this was done I built up the outside
area with plaster. (Plate 18 fig. 67 ). When this was
dried I cut the dowels away and peeled the rubber from
the plaster. This gave me a satin-smooth mold so that
I could spray the separator on the inside of the mold
and merely lay the fiber glass up. Once the fiber
glass was set I chipped the plaster off and the remains
of the plaster proved to be a fiber glass shell which
was executed into a lamp. I used the same finishing
procedure for this piece as I did for the two speaker
cabinets. (Plate 18 fig. 68).
The other project incorporating the stretched rubber
process was a set of pedestals. This was achieved in
the form of a stretched diaphragm. A plunger used to
stretch the diaphragm was constructed from a one inch
dia dowel sixteen inches long with a three inch round
disc fastened to the end. A one inch hole was drilled
into a sixteen inch square piece of plywood which would
ROCHESTER INSTITUTE OF TECHNOLOGY
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accommodate the plunger. Next the rubber diaphragm was
nailed over the entire jig. The next step then was to
project the plunger until it produced the desired shape
and tension on the diaphragm. The plunger was screwed
in place by a securing block. When this was achieved
I again flicked plaster over the rubber mold. (Plate 17
fig. 6l ). This flicking action as I mentioned before
reduces the air bubbles closest to the mold. I
finally finished laying the plaster on the mold and
let it dry. (Plate 17 fig. 62 ). When this dried I
released the plunger which automatically released
the rubber mold from the plaster. (Plate 17 fig. 63 ).
An air valave was then inserted at the bottom of the
plaster so I could use air pressure to release the
fiber glass from the mold. The rest of the process,
spraying the releasing agent, the hand lay-up process,
and the finishing have been explained in the
beginning of this thesis.
There were four of these pyramid shapes made and
I glued them in sets of two giving the effect shown in
late 20 fig. 70 ). The top of the pedestal is
constructed of Italian slate which is fastened by a
threaded rod which goes through the center of the







During the year, while preparing for my fiber glass
furniture forms, I was able to explore many materials used
in the fabrication of molds. I found the best of these
materials to be plaster, rubber, or a combination of the two.
There is one bad feature of plaster, that being thicker
the plaster will retain moisture longer, making it almost
impossible to dry completely. This is the problem which I
encountered while making the plaster molds for my spheres .
In this instance plaster molds proved to be impractical in
the absence of a kiln for drying purposes .
In considering all factors the best material was rubber.
Its elastic qualities and smooth surface transfer these
qualities very satisfactorily to the flexible characteristics
of fiber glass. It may be used as a direct mold, the fiber
glass laid directly on the rubber, or as a secondary
material, plaster or some similar material built-up on the
rubber and the rubber then peeled off leaving a perfectly
smooth mold for the application of the fiber glass. The
latter process was used in the construction of my lamp
and pedestal .
In working with fiber glass I was able to discover
what to expect and what not to expect from this material.
One of the unexpected characteristics is that the more
curved or complex the shape the greater the problem of
contraction and expansion. This was apparent when the
expansion of my spheres became so great that it
cracked
the finish. Another characteristic of fiber glass to be
overcome is the consistency of the liquid resin. When
laying-up the spheres I found it necessary to add
cab-o-
sil, a thickening agent for the resin which enables the
resin to adhere to the side of the mold and prevent an
-17-
accumulation at the bottom.
Facts and observations such as those discussed above
have made the past year a real educational experience. I
have been able to familiarize myself with another media
which I feel, in itself, is very advantageous to a crafts
man. It is the intention of this thesis to help anyone











Much of the research on this project was done
as the work itself progressed. Many problems which
had not been anticipated made it necessary to consult
with manufacturers, chemists, and individuals in the
field. Among the most helpful were Penfield Chemical;
John Schrier; a personal interview and tour of the
Owens -Corning Fiberglas Research and Development
Center, Cincinnati, Ohio; and the Chapin Owens
Company, Rochester, New York. Additional information
was obtained from numerous bulletins issued by
companies manufacturing related products, and interested
in my thesis project.
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